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Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489 S273spin sequence. A semi-automatic region-of-interest analysis was per-
formed for speciﬁc areas (healthy cartilage, area of OA, region of MFX).
To allow stratiﬁcation with regards to the anatomical (collagen) struc-
ture, subregional analysis was carried out (deep - superﬁcial cartilage
layer). Statistical analysis-of-variance was performed.
Results: In healthy cartilage values were 56,76 ms (SD 14,44) in the
superﬁcial layer and 41,21 ms (SD 18,35) in the deep layer. The knees
with OA showed results of 56,51ms (SD 14,52) in the superﬁcial layer
and 49,05 ms (SD 18,38) in the deep layer. After MFX, results for T2
averaged at 61,33 ms (SD 21,18) in the superﬁcial layer and 53,35 (SD
21,89) in the deep layer. Comparison between layers within each group
and (statistical) comparison between the groups showed that the
superﬁcial layer does not vary signiﬁcantly between the groups,
whereas the deep cartilage zone varies in between the groups. Most
important, the increase of T2 values between deep and superﬁcial zone
showed a clearly signiﬁcant difference in between the different groups
and was able to differentiate in between healthy cartilage, induced OA
and cartilage repair tissue after MFX (Table 1).
Conclusions: Comparing ultra-high ﬁeldMR T2 values between healthy
cartilage, OA and cartilage repair sites at 7 T underlines the known fact
that healthy cartilage is deﬁned by a signiﬁcant increase of T2 values
between deep and superﬁcial zone. With the used sheep model using
T2 mapping, differences between healthy cartilage, OA and cartilage
repair sites are detectable based on their zonal appearance. Hence, its
application can help to evaluate cartilage repair procedures or ther-
apeutical approaches in OA at the one hand and prove the value of ultra-
high ﬁeld cartilage T2 mapping for diagnosis and follow-up imaging in
the future on the other hand. This evaluation is supposed to be a step
towards a more detailed understanding of high resolution zonalTable 1
T2 ms Superﬁcial (SD) T2 ms Deep (SD) p-values
Healthy cartilage 56,76 (14,44) 41,21 (18,35) p < 0.001
OA 56,51 (14,52) 49,05 (18,38) p < 0.05
MFX 61,33 (21,18) 3,35 (21,89) p > 0.05imaging of cartilage after repair procedures or in an OA model
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ANKLE DISTRACTION AS A TREATMENT FOR END STAGE
OSTEOARTHRITIS: FOLLOW-UP AT 10 YEARS
D.R. Pedersen, M. Nguyen, D.R. Thedens, N. Amendola. Univ. of Iowa,
Iowa City, IA
Purpose: End-stage osteoarthritis (OA) in weight-bearing joints is a
painful and debilitating disease that is often treated by total joint
replacement. Ankle OA is more frequently of post traumatic origin (70–
80%). Patients under 50 years of age present a particularly difﬁcult
population to treat for post-traumatic osteoarthritis (PTOA). Ankle
arthrodesis is an accepted deﬁnitive treatment in the young PTOA
population, but there is a signiﬁcant incidence of adjacent joint arthritis
and functional limitations, without any subsequent options should
failure occur. Alternatively, results and survivorship of total ankle
arthroplasty (TAA) are not as predictable as for hip and knee replace-
ment. Therefore this young active population is at risk for early revision
of the implant, which is fraught with complications at repeat surgery
and subsequent performance falling short of primary total jointreconstruction results. A desirable alternative is natural joint preser-
vation by restoring the joint space with joint distraction arthroplasty
using external ﬁxation. This controlled trial follow-up, 10 years after
surgery, demonstrates the potential of ankle distraction in reversing the
painful disease process of OA and in prolonging natural joint function.
Methods: Thirty-six patients were enrolled who underwent ankle
distraction surgery between December 2002 and October 2006. Inclu-
sion criteria included: (1) symptomatic isolated, unilateral Kellgren-
Lawrence grade 3-4 ankle OA; (2) skeletally mature to age 60 years old;
(3) failure of non-surgical treatment for more than a year, including 3
months of continuous treatment with nonsteroidal antiinﬂammatory
drugs and 3 months of unloading treatment; (4) ability to maintain
extremity non-weight-bearing using ambulatory aids. Excluded were
patients with serious co-morbidities, those with contralateral OA, and
those with signiﬁcant hindfoot or tibial misalignment, or with a current
history of alcohol or drug abuse. IRB approved consent was obtained.
Patients were evaluated by an independent clinical investigator and
were asked to complete the Ankle Osteoarthritis Scale (AOS) and the SF-
36 surveys. Radiological evaluations included plain radiographs, CT
scans and ankle MRIs. Patients who were not able to return for a clinic
visit were offered a survey evaluation including the AOS, SF-36 and
basic health designed to replace the clinical interviews.
Results: From a total of 36 patients, data is available on 27 patients
(77%) and one passed away. Fourteen patients still have their native
ankle while 13 were fused or converted to TAA. Patients who ultimately
required ankle fusion or TAA showed early signs of distraction failure. At
2 year follow up, they demonstrated lower functional scores (average
AOS of 49  17, p < 0.05) compared to patients with native joints at the
same time point (average AOS of 33  25). Even in distraction failure
cases when patients elected to proceed with ankle fusion or ankle
replacement, they still experienced the clinical beneﬁt of the conversion
surgeries and demonstrated signiﬁcant improvement of the SF-36
Physical Component Scale (39  3.8 compared to 36  8.9 at baseline p
< 0.05). This indicates that a history of ankle distraction surgery does
not later complicate conversion surgeries or in any way limit patients’
physical improvement. Imaging results show cartilage and subchondral
bone in homogeneities have returned to differing degrees in native
ankles at 10-year follow-up.
T2 FatSat shows bone metabolic activity throughout the midsubstance
of the talus. A ﬂattening of the talar dome is accented by posterior tibial
Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489S274osteophytes. The subchondral sclerotic-cyst serration is accompanied
by interposed soft-tissue articulation on the T1 MRI versus CT imaging.
T1r quantiﬁcation describes areas of normal PG-rich cartilage, with
widespread heterogeneity likely arising from the thinness and abnor-
mal composition of the remaining tissue.
Conclusions: Ankle distraction surgery offers an effective alternative
treatment for end stage OA, which allows young patients to preserve
their native joints throughout the most productive years of their lives.
By delaying the need for joint sacriﬁcing surgeries for over a decade,
ankle distraction not only minimizes complications of joint sacriﬁcing
surgeries such as adjacent joint arthritis following ankle arthrodesis but
also increases implant longevity to later revision TAA.
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Purpose:Osteoarthritis (OA) is a slow-developing, chronic disease, with
concomitant structural changes in bone and cartilage. Current efforts in
clinical research aim to identify disease-modifying osteoarthritis drugs
(DMOADs) that would prevent or reverse structural deterioration
underlying pathophysiological progression. Preclinical research can
assist this effort by investigating therapeutic targets for cartilage
regeneration, biomarkers for understanding joint breakdown, and
reconstructive approaches for restoring joint health, via novel animal
models and innovative technologies. Previously we demonstrated the
methods to clearly deﬁne cartilage boundaries in a rat OA trauma
model, as well as new metrics for sensitive discrimination of structural
deterioration. The aim of this work is to demonstrate the scalability of
the protocol using a preclinically relevant larger animal model, i.e the
rabbit. Comparatively, the cross-section of the rabbit knee is four times
larger than the rat.Fig. 1. Three-dimensional reconstruction of the rabbit (a) contralateral,
NO and (b) operated, OP knee joint. Lateral aspects are to the left, and
medial to the right (where OP has been mirrored to ease comparison).
Colour indicates cartilage thickness, where blue is thinnest and yellow
towards red is thickest.
Fig. 2. (a) Plot of 2D cartilage thickness measured by microCT against
histology, R ¼ 0.94, p < 0.001, and (b) a Bland-Altman plot showing the
spread of scatter points is relatively even at both low and high values of
the mean measures, and thus there is no obvious trend of increasing
scatter with Cg.Th.Methods: Eight 4.5-month old New Zealand white rabbits underwent
anterior cruciate ligament (ACL) desmotomy on one knee (OP), where
the non-operated contralateral joint served as a control (NO). Animals
were sacriﬁced 8 weeks post-op, the joint space ﬁlled with a contrast
agent, and scanned using micro-computed tomography, microCT
(SCANCO Medical AG; 18 mm voxel size). Scans were rotated to a com-
mon orientation from which whole joint changes could be calculated.
The cartilage was manually segmented, ﬁgure 1. After scanning, joints
were dissected and prepared for histology staining with Safranin O-Fast
Green. Three histology slices were taken from each femur and tibia (n ¼
48), and registration with microCT allowed identiﬁcation of the corre-
spondingmicroCT slice. 2D cartilage thickness (Cg.Th) from both images
was correlated. 3D Cg.Th, joint space width (JSW), contact area between
femur and tibia when loaded virtually, and the distance (l) and ori-
entation (a, b, g) of the centre of mass of the femur relative to that of the
tibia along the three principle axes were measured. A univariate anal-
ysis of variance was used to test signiﬁcant differences, p < 0.05.
Results: The correlation between 2D Cg.Th from histology and microCT
is shown in ﬁgure 2a. Correlations were similar for OP and NO, so the
data were pooled (R ¼ 0.94, p < 0.001). Thickness measured by his-
tology was approximately 10% less than microCT. A Bland Altman plot
(Fig. 2b) reveals no trend to increased spread with increasing Cg.Th. In
3D, Cg.Th was signiﬁcantly different in the lateral condyle between NO
and OP, where OP cartilage was thicker (NO: 426  53 mm, OP: 495 43
